Introduction
T he sedentary lifestyle and the lack of physical activity in children and adolescents 1 are a global health problem requiring a solution. 2 The World Health Organization 3 recognizes four different domains of physical activity including work/school physical activity, transport, household chores and leisure time activities. Both walking and cycling to school are related to higher physical activity levels in young people. 4 Cycling to school is also associated with a higher cardiorespiratory fitness in children and adolescents. 5 However, a decline in the rates of active commuting to school in children and adolescents has been observed in recent decades in USA 6 and Spain. 7 The parental perception of the environment has been related to children's activity, such as playing outdoors, 8 or the overall physical activity. 9 Parental barriers such as distance to school and environmental safety in children or neighborhood safety in adolescents may hinder active commuting to school. 10 Several studies examining the associations between parents' perception and mode of commuting to school in children and adolescents have been conducted in USA 11 and Australia 12 ; however, studies are currently lacking in Europe to capture a global understanding of the influence of parents perceived barriers. 13 Since the perceptions of the barriers to active commuting are context-specific (i.e., culture, geography, sociodemographic characteristics and policy), studies conducted in a specific context are essential for informing local policy development and interventions to promote active commuting to school.
Parental barriers to active commuting like traffic or perceived safety are influenced by children's age. In Melbourne, parents of older children (10-12 years) were less concerned about safety and, consequently, were more likely to let their children use active commuting modes compared to younger children.
14 Consistent with these findings, several studies reported that older children (9-12 years) were more likely to use active commuting to school than younger children. 9 Moreover, studies focused on how the parental barriers are associated with children's characteristics (i.e., gender, mode of commuting) are lacking. Better understanding of the parental barriers to active commuting to school with respect to child's age and gender will inform the design of future interventions to promote active commuting to school in children and adolescents.
The purpose of this study is two-fold: (1) to determine parental barriers to active commuting to school in Spanish children and adolescents, (2) and to examine the association of the parental perceived barriers with children and adolescents gender and usual mode of commuting to school.
Methods

Study design and participants
Parents of children (n = 628; children's age: 9-12 years, enrolled in primary school) and parents of adolescents (n = 151; adolescent's age: 12-16 years, enrolled in secondary school) from Granada (Spain) participated in this study. Data were collected between April 2014 and May 2015 as the first phase of the PACO (Pedalea y Anda al Colegio) Project. The PACO Project examines active commuting to school in Spanish children and adolescents and aims to implement strategies with children and their families to promote active commuting to school. The Medical Ethics Committee of Hospital Virgen de las Nieves (Granada, Spain) approved the study design, study protocols and informed consent procedure (case no. 817).
Procedures
Parents from 9 schools from urban areas of Granada selected by convenience were invited to participate in this study. The research team contacted the headmaster of each school and parents of children and adolescents were invited by letter to complete a 20-min self-reported paper-based questionnaire.
The questionnaire contained sections on sociodemographic characteristics of parents and their children/adolescents, modes of commuting to and from school for their children/adolescents and parental barriers to active commuting.
Sociodemographic characteristics
Parents self-reported their sociodemographic characteristics (gender and highest education level of parents -primary or secondary school and university-), child's age and gender.
Mode of commuting to school
This 25 questionnaire has been proposed as one of the most appropriate measurement for asking about mode of commuting to school. 15 The mode of commuting to school was assessed using separate questions for travelling to and from school: ''How does your child usually travel to school/come back from school?'' Parents were asked to select one of the response categories (i.e. walking, cycling, car, motorcycle, bus, train and other) for each question. Children and adolescents were categorized as ''active commuters'' if parents reported that their child/adolescent walked or cycled to and/or from school and as ''passive commuters'' if their child/ adolescent travelled to and from school by car, motorcycle, bus or train.
Parental barriers
Parental barriers were assessed using a question from the Safe Routes to School Program 16 that was adapted to the Spanish cultural context. The translated question was formulated as: ''Which of the following situations affect your decision to not allow your child walk or bike to or from the school?''. The question included 12 items referring to perceived parental barriers to active commuting to school, where parents could select one or more barriers related to safety (crime, absence of a policeman at crosswalks and absence of adults to walk with), traffic (traffic volume and speed), environment (dangerous intersections and no sidewalks or bike lanes), weather, distance (distance to school and time required to actively commuting to school) and convenience (after-school activities and parental convenience) that affect their decision to allow their children/adolescent to active commute to school. Based on the number of reported parental barriers (out of 12) participants were categorized into low (0 or 1 barrier), medium (2-4 barriers) and high number of barriers (5-12 barriers).
Statistical analysis
Demographic characteristics were analysed using descriptive statistics. Data are reported as mean AE SD for continuous variables and frequency (%) for categorical variables. Differences in parental perceived barriers in children versus adolescents, boys versus girls and active versus passive commuters were analysed using the Chisquare test by layers (different school). Differences between number of parental perceived barriers where analysed with t-test for independent samples. Analyses were performed using the PASW (v. 20.0 for Windows, Chicago, IL, USA), and the level of significance was set to P < 0.05.
Results
Surveyed parents were mostly females, with primary and secondary school education (table 1) . Approximately half of surveyed parents reported that their children (49.2%) and adolescents (51.3%) used active modes of commuting to school (table 1) .
Parental barriers were different for parents with children attending a primary school compared to parents of adolescents attending a secondary school (table 2). The most common barriers reported by parents of children were traffic volume and dangerous intersections. The most frequent barriers reported by parents of adolescents were distance to school and dangerous intersections. There were significant differences between parents of children versus parents of adolescents in traffic volume, crime, and distance to school (all P < 0.05). Compared to parents of children, a greater proportion of parents of adolescents reported distance to school and crime and smaller proportion reported traffic volume as perceived barriers to active commuting to school. Among parents of children, crime was more frequently reported as a barrier to active commuting to school by parents of girls compared to parents of boys (P = 0.013) (table 3) . No other differences in parental barriers were observed for girls versus boys. Compared to the parents of passive commuters, a significantly lower proportion of parents of children who commuted actively to school perceived absence of a policeman at crosswalks, absence of adults to walk with, lack of sidewalks or bike lanes, distance to school, time required to active commuting to school and weather conditions as barriers to active commuting for their children (all P < 0.05). When the total number of reported barriers were compared, parents of active commuters perceived fewer barriers compared to the parents of passive commuters (P = 0.001).
Among parents of adolescents, no differences in parental barriers to active commuting were observed between parents of boys versus girls (table 4) . Compared to the parents of passive commuters, a significantly lower proportion of parents of adolescents who commuted actively to school perceived distance to school and absence of a policeman at crosswalks as barriers to active commuting (both P < 0.05).
Discussion
The key findings from this study were: (1) among Spanish parents, the most common barriers reported by parents of children were traffic volume and dangerous intersections, whereas the most frequent barriers reported by parents of adolescents were distance to school and dangerous intersections; (2) compared to parents of children, a greater proportion of parents of adolescents reported distance to school and crime, and smaller proportion reported traffic volume as barriers to active commuting to school; (3) among parents of children, crime was a more commonly reported as a barrier by parents of girls versus parents of boys; (4) although some barriers reported by parents of passive commuters versus active commuters were similar for children and adolescents (such as distance to school and absence of a policeman at crosswalks), other barriers were specific to parents of children (absence of adults to walk with, no sidewalks or bike lanes, time required to active commuting to school and weather conditions). Taken together, these findings suggest that, among Spanish parents, parental barriers to active commuting are influenced by children's age, gender and mode of commuting to school.
The most common barriers reported by parents of children were traffic volume and dangerous intersections, whereas the most frequent barriers reported by parents of adolescents were distance to school and dangerous intersections. Traffic volume was reported as a barrier by half of the parents of children. Some studies found that children's active commuting depends on parental perceptions of the traffic and safety; 17 more specifically parents felt that walking to school is more dangerous because of the traffic than because of crime. 18 Consistent with these findings, presence of traffic lights was associated with the choice of the route to school in children in The Netherlands. 19 Traffic accidents, noise and air pollution exposure are some of the health risk of active commuting, but they are minor compared with the health benefits. 20 Dangerous intersections were among most commonly reported parental barriers to active commuting to school for both children and adolescents in the present study. According to previous studies crossing a busy road is negatively associated with active commuting in children. 21 Improving road safety is one of the most important factors to increase active commuting in children. 22 However, safety is a very complex concept and may include diverse subjective components such as personal injury, harm from strangers, road safety and bullying. 23 Moreover, if parents perceived presence of people in their neighborhood, safe crosswalks and not many dead end streets, children had higher rates of active commuting to school.
24 Table 3 Parental perceived barriers to active commuting to school by gender and mode of commuting to school in children Parents of children (n = 626) Boys n = 318
Girls n = 307 P values Active commuters n = 296
Passive commuters n=308 Distance to school was perceived as a barrier to active commuting to school by third of the parents of children and half of the parents of adolescents. Distance was reported to be one of the most frequent barrier to active commuting in both children and adolescents from USA, 25 Australia 21 and New Zealand 26 as greater distances from home to school are associated with lower rates to active commuting. 27, 28 Distance and dangerous intersections were previously reported as some of the most important barriers to active commuting to school among Spanish adolescents. 29 These findings are consistent with studies comparing adolescents' and parental barriers to active commuting in the USA, where parents and adolescents reported the similar barriers. 30 Among parents of children, crime was a more commonly reported barrier by parents of girls versus parents of boys in the present study. Lower independent mobility for walking and cycling to school was previously reported in 10-12 years old Belgium girls compared to boys. 31 Previous studies reported that parental fear of strangers is one of the most important barrier to independent mobility in girls in Australia, 32 which is consistent with our results. Although some barriers perceived by parents of passive commuters were similar for children and adolescents (such as distance to school and absence of a policeman at crosswalks), other barriers were specific to parents of children in the present study. Absence of adult supervision, absence of sidewalks or bike lanes, time required to actively commute to school and the weather were more frequently reported as barriers to active commuting in parents of children who are passive commuters versus those who use active modes of commuting to school. These findings suggest that interventions related to reducing the impact of distance to school 33 as well as presence of a policeman at crosswalks near school may be effective to minimize parental barriers to active commuting to school among Spanish children and adolescents. Additional interventions related to improving the pedestrian and cycling infrastructure and providing adult supervision (such as 'school walking bus' interventions) may be necessary to address parental barriers in parents of primary school children. Although, a more restrictive school choice policy could decrease distance to school, a previous study in Australia found no significant effect of the school choice policy on the active commuting to school in children. 34 The school location in relation to residential areas and major traffic routes are important in urban areas. 35 Therefore, it is important to locate schools within safe neighborhoods and within acceptable distance for active commuting for children and adolescents. 36 The policy implications should be oriented to improve the parental perceptions of the environment and safety of active commuting to school. Since parents of passive commuters perceived a greater number of barriers compared to the parents of active commuters, it is essential to address parental barriers to increase the rates of active commuting to school. It is necessary to educated parents and children and change their perceptions of active communting because it was shown that changing distance or sidewalks only was not enough. 34 In primary schools, it is important to improve parental perceptions of safety of active commuting to school through different programs such as working with travel coordinators, walking school buses or safe routes to school. 37 In Spain it will be essential to reduce traffic volume and improve safety of intersections with specific intervention programs, such as built environment changes or provision of a policeman at crosswalks around primary schools. In adolescents, it is very important to improve parental safety perception and work with local governments and city councils addressing environmental policies that decrease the distance between secondary schools and residential areas and reconsider what constitutes a reasonable distance for active commuting to school. Therefore, it is crucial to increase the parental confidence in children's ability to active commute to school. 38 In addition, interventions aimed at reducing traffic volume around schools would address one of the key parental barriers to active commuting in children and will also reduce traffic congestion and reduce the air pollution exposure. 39 Study limitations include self-reported data, limited reliability of the questions used for assessing parental barriers, 40 relatively small sample of parents of adolescents and limited generalizability of findings to other parts of Spain due to data collection in one city. Future studies should examine parental barriers to active commuting in other geographic areas of Spain and Europe and explore further the interaction between child's age, gender and other characteristics and parental barriers to active commuting. Passive commuters n = 73 In conclusion, perceived parental barriers to active commuting to school in Spanish children and adolescents were influenced by children's age, gender and mode of commuting to school. Parents of adolescents expressed more concerns about distance to school and crime and less concerns regarding the traffic volume compared to the parents of children. Crime was a more commonly reported parental barrier for girls versus boys. Although some barriers reported by parents of passive commuters were similar for children and adolescents, other barriers were specific to parents of children. Future interventions for promoting active transport to school focusing on parents should be targeting specific parental barriers for a particular age group of children, addressing parental concerns for safety of girls attending primary schools and minimizing perceived barriers of parents of passive commuters to school. Improving the pedestrian and cycling infrastructure and providing adult supervision may be necessary for addressing parental barriers to active commuting in primary school children.
